Knowledge of the structural changes in the commissures, cusps, and chordae tendineate is important to the understanding of the pathologic physiology of mitral stenosis and its surgical correction. Study of 70 hearts with mitral stenosis disclosed that a frequent cause of the obstruction was commissural fusion or shortening of the chordae tendineae or both. In a small percentage of hearts, mitral stenosis appeared to result principally from rigidity of the valvular leaflets. Measurements of the various components of the mitral valve in normal hearts have been given in a previous paper. In this communication, comparable measurements for these structures in 50 hearts with mitral stenosis are presented.
Knowledge of the structural changes in the commissures, cusps, and chordae tendineate is important to the understanding of the pathologic physiology of mitral stenosis and its surgical correction. Study of 70 hearts with mitral stenosis disclosed that a frequent cause of the obstruction was commissural fusion or shortening of the chordae tendineae or both. In a small percentage of hearts, mitral stenosis appeared to result principally from rigidity of the valvular leaflets. Measurements of the various components of the mitral valve in normal hearts have been given in a previous paper. In this communication, comparable measurements for these structures in 50 hearts with mitral stenosis are presented.
A STUDY was made to compare details of structure that have been described in normal mitral valves1 with corresponding details in valves affected by rheumatic mitral stenosis. An attempt has been made to improve understanding of the fundamental changes involved in this condition. An anatomic classification of rheumatic mitral stenosis into 4 types has been developed from these considerations.
METHODS AND MATERIAL Seventy hearts preserved in formalin in the pathologic collection of the MIayo Clinic formed the basis for this study. Severe mitral stenosis was present in the majority of these specimens, but a few examples of milder forms of stenosis were retained. Mitral stenosis was the essential lesion in each heart, although some showed mild degrees of rheumatic involvement of other valves, particularly the aortic valve. Each of the hearts used in this study was well preserved.
The 70 hearts represented 44 female patients and 26 male patients. The females ranged in age from 13 to 84 years, and the males ranged from 19 Observations also were made on the frequency of calcification in the mitral valve and the situations in which it was found. fig. lc and d) . The anterior leaflet usually is involved to a greater extent than is the posterior one. In each leaflet, the greatest amount of fibrous thickening extends inward for 1 cm. or more from the free edge of the leaflet. The thickness generally is most pronounced at the line of closure. The commissures and chordae may be affected to minor degrees but these play an insignificant role, if any, in mitral stenosis of the cuspal type. The rigidity of the cusps themselves apparently is the essential cause of the abnormal function in this change.
Chordal Type. In this type, the chordae are grossly involved and are thickened, shortened and frequently fused ( fig. le) . The shortening as well as the fusion appears to contribute to the stenosis. It will be recalled that each mitral leaflet makes attachment with both the anterolateral and posteromedial sets of chordae. This anatomic phenomenon, in which each leaflet is connected to a pair of opposing chordae, probably plays a role in reducing the flexibility of the leaflets when the chordae are shortened. As each set of chordae to 1 leaflet is shortened, tension is placed on the leaflet so that its mobility is reduced, even though its own structure may be unaffected.
Fusion of the chordae, which usually is associated with severe degrees of chordal shortening, produces a new membrane continuous with commissural tissue. If chordal shortening is pronounced, the valvular leaflets tend to be pulled downward. In this event, the distorted leaflets, coupled with the chordal fusion, convert the valve into a funnel-shaped structure. In the chordal type of change leading to mitral stenosis, abnormalities in the leaflets and commissures are of relatively minor significance.
Combined Type. Combinations of 2 or 3 of the foregoing changes may lead to mitral stenosis (figs. 2 and 3). One combination is that in which the commissures are thickened but not increased in depth and at the same time the free portions of the leaflets are thickened. In this type, the chordae are thickened only mildly, if at all, and appear not to be significantly shortened. In other instances, fusion of the valvular leaflets, causing elongation of the As has beeil indicated by others and from the observations on this series of hearts, it is apparent that the free portion of the leaflet may be greatly thickened while the basal portion may be relatively thin and pliable. Therefore, it was of interest to measure the depth of the thickened portion and the depth of the thinner pliable tissue in the anterior mitral leaflet of hearts with imitral stenosis. The average depth of the thickened portion that extended inward from the free edge was 1.1 cm., with a range of 0.4 to 2.0 cm. The depth of the pliable zone, which was that portion of the valve attached to the annulus fibrosus, averaged more thani that of the thicker portion. The pliable zone averaged 1.5 cm. in depth, with a range of 0.6 to 2.7 cm. The thickness of the thickest portion of the anterior leaflet in these 30 hearts averaged 0.31 cm., -with a range of 0.1 to 0.7 cm. total depth of the posterior leaflet, or cusp, averaged 1.3 cm., the range being 0.6 to 2.2 cm. This coincides with the measurements iIi normal hearts. The other measurements for the posterior cusp are summarized in table 2. Commissures. At the anterolateral and the posteromedial commissures, the total depth from the free edge to the ring of the valve averaged 1.3 and 1.2 cm., respectively (table 2) . This represents a considerable increase over the average depth of tissue at the commissural zones in our series of normal hearts, which was 0.7 cm. in women and 0.8 cm. in men, with 1.3 cm. as the upper limit of normal. In most instances of increased commissural depth, it was obvious that this had been caused by fusion of the free edges of the valvular leaflets adjacent to the commissural zone. Although averages in these 50 eases were more thaii the average normal values, the depth of the commissural tissue was within normal limits in more than a third of the cases. In many of the latter cases, however, the commissures were thickened and appeared to contribute greatly to the valvular dysfunction. This change was less pronounced in other instances, while the commissural zones were essentially normal in still others.
The depth of commissural tissue was 1.3 cm. or more at the anterolateral site in 22 of the 50 hearts and at the posteromedial site in 31 of the 50 hearts.
Both commissures were involved to approximately the same degree in one third of the cases; in another third, the anterolateral involvement was the more severe, whereas the posteromedial involvement was more pronounced in the remaining third and appeared to be contributing greatly to the valvular dysfunction.
Mitral Orifice. tension had been made in 10 of these 50 cases of mitral stenosis. The left ventricle was hypertrophied in 5 of the 6 cases in which this hypertension had been moderate or severe. In the 4 remaining cases, the hypertension had been borderline; left ventricular hypertrophy was present in 2 of these 4 cases. Hypertension was absent in 11 cases in which the thickness of the left ventricle was greater than 1.4 cm. Anatomic evidence of associated mitral insufficiency was present in 7 of these.
Thickness of Left Atrium. Measurements were made at 3 points, all of which were remote from the orifices of the pulmonary veins. The average of these 3 measurements was taken as the average thickness of the left atrium in each case. This value averaged 0.24 cm., with a range of 0.09 to 0.4 cm. This is greater than the figures for our normal hearts, in which the average value was 0.18 cm., with a range of 0.1 to 0.3 cm.
Chordae T endineae. Four measurements of the length of the chordae tendineae were made in each heart (table 4). At each commissure, the chordae were measured from the commissure to the apex of each of the underlying papillary muscles. The length of the chordae from the center of the anterior leaflet of the mitral valve to each of the papillary muscles also was measured.
The average length of the chordae tendineae in these 50 hearts was only slightly more than half the length of chordae associated with normal mitral valves. The average thickness was 3 times that of normal chordae (approximately 0.05 cm. in normal hearts as compared with 0.14 cm. in the hearts with mitral stenosis). In certain instances, some of the chordae were of normal size at 1 or more of the 4 locations measured, a feature attesting to the rule that all parts of a valve are not involved equally by the rheumatic process in mitral stenosis.
CALCIFICATION
The presence or absence of calcification in the mitral valve and its associated structures was noted in these 50 hearts (table 5) . Gross deposits of calcium were present in 31 of the 50 hearts, the deposits sometimes being found in more than one location in a given valve. The particles of calcium were thin and superficial in 5 instances. The deposits in 8 hearts were thick, firm, and bulky in 1 or more portions of the valve. In general, calcification was commoner in the valvular leaflets than in the commissural junctions. The results of this study have reinforced our age impressions as to the value of considering mitral stenosis in terms of the changes in 3 0.13 basic groups of structures, namely the com-0.14 missures, cusps, and chordae tendineae, which may be affected singly or in various combinations and to different degrees. Calcificationi may occur ill ally part of the mitral valve or its associated structures but it was found most freqtuenttlv ill the leaflets and ill the commissural regions. The presence of calcification d1id( niot necessarily indicate that the initral steinosis was severe, although this ws-as tirute sometimes.
SIUMMAIM 1ity
Aii anatoimic study has been made of 70 hearts ill which mitral steniosis was present. The changes producing mitral stenosis ill these cases have been classified into 4 groups, namely, conmmissural, cuspal, chordal, and comuhined types. Diaphragmi-like anld funniel-shaped structures were encountered in all 4 groups, the former being twice as common as the latter.
The stenosis in 53 hearts (76 per cent) belonged to either the commissural or the combined type. Significant changes at one or both commissures were present in all the combined types.
In one third of the cases, the posteromedial commissure was severely involved in the absence of significant changes in the anterolateral commissure.
In approximately half of the 50 specimens on which detailed measurements were made, the depth of commissural tissue was greater than 1.3 cm., the figure that is considered to be the upper limit of normal. Other measurements were recorded and compared with corresponding measurements made in normal hearts.
Calcification was observed in 31 of 50 hearts. In un tertio del casos le commissura posteromedial esseva severmente involvite sin que alterationes significative esseva notabile in le commissura anterolateral.
Mesurationes detaliate esseva executate in 50 del specimens, e in circa 50 pro cento de illos le profunditate del histos commissural esseva plus que 1,3 cm. Isto es le valor que es considerate como le limite superior de normalitate.
Altere mesurationes esseva registrate e comparate con le valores correspondente trovate in cordes normal.
Calcification esseva observate in`)1 ex 50 cordes.
